A preceding paper (Miller and Hastings, 1930 ) described an agar medium on which the gonococcus can be cultivated although it consists of only meat infusion, peptone, glucose and a solution of the salts present in mammalian plasma. Failure of growth in the absence of this mixture of salts seemed to indicate that the inorganic environment played an important r6le in the multiplication of this organism and stimulated the present inquiry into the relative importance of the various ions concerned.
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C. P. MILLER, JR., A. B. HASTINGS AND R. CASTLES bakers and confectioners. This latter preparation was less expensive than fresh egg-white, and quite satisfactory, as it contained no preservative. For a number of months powdered egg white was used, because of its convenience and low cost, and was reported in our preliminary communication as being entirely satisfactory. Since the time of that publication, however, three lots (identified by the manufacturer's lot numbers) have been encountered, which, on digestion, failed to support growth. As no explanation was found for the unsuitability of these samples, the use of fresh egg-white was subsequently resumed.
Preparation of the digest The digest was made by dissolving 500 grams of fresh or frozen egg-white (or 40 grams of powdered egg-white) in a liter of water and adjusting the reaction to pH 7.0 to 7.4. Four grams of a special, high-test trypsin2 (rubbed into a paste) were added and the mixture put into a galvanized kettle, placed in an electric water bath. The mixture was stirred by means of a paddle rotated by a water motor. The temperature was kept at 480C., which permitted digestion to occur but inhibited the growth of most organisms. This arrangement for constant stirring is an unessential detail which was added because it enabled us to handle large batches of digest. When small quantities were to be digested they were placed in Erlenmeyer flasks, plugged with cotton, and agitated by hand from time to time. By the end of ten to twelve hours a sample of the digest usually gave an amino acid titration (i.e., cubic centimeters of N/10 sodium hydroxide per 100 cc. of digest) of 130 to 180 by the S0renson method.
After acidifying with HCI to pH 5.0 the heat-coagulable proteins were removed by autoclaving and filtering through paper. If part of the precipitate was so finely divided that it passed the paper filter, it was removed by filtration through a Berkefeld candle. Digest sterilized by Berkefeld filtration proved to be quite satisfactory after weeks of storage in the refrigerator.
To facilitate pH control of the media, phenol red was added in the proportion of 6 cc. of 0.04 per cent solution per 100 cc. of digest. This concentration of phenol red exerts no bactericidal action on the gonococcus. The reaction of the digest was then adjusted to pH 7.2 to 7.4 by the addition of normal sodium hydroxide. The amount required was accurately measured (as was the acid or base in subsequent adjustments) in order that it could be taken into account in reckoning the concentration of inorganic ions in the medium. The pH was determined with an accuracy of i0.1 by comparing samples of the adjusted digest with standard pH solutions in a comparator block.
A typical detailed example of the preparation of a given batch of medium will illustrate the steps involved. Variations in the amounts of salts and other constituents used will be apparent from the tables.
Preparation of the control medium This has been designated "control" medium because it has been found to be satisfactory for the routine cultivation of the gonococcus. A liter of it was prepared as follows:
Two hundred fifty cubic centimeters of digest were diluted with 750 cc. of distilled water. In this were dissolved, with heating, 0.2 gram potassium chloride, 3.0 grams sodium chloride, 1.25 gram sodium bicarbonate, 10 grams glucose, and 20 grams agar. Eight cubic centimeters of a 1/15 molar disodium hydrogen phosphate solution and 2.0 cc. of a 1/15 molar sodium dihydrogen phosphate solution were added and the reaction adjusted to pH 7.2 to 7.4 with hydrochloric acid. The medium was then tubed, autoclaved and slanted.
EXPERIMENTAL
The inorganic salt solution previously found to be suitable for growth of the gonococcus when combined with ordinary meat infusion and glucose agar was used as the standard solution of reference. This will subsequently be referred to as the "standard solution." Its composition is given in table 1. It was early found that the salts already present in the digest were in such a concentration that it was necessary to halve the amount of standard solution in order to obtain maximum growth. Technically, the procedure was this: 1 part of digest, 1 part of distilled water, and 2 parts of standard solution (without calcium chloride and magnesium chloride), glucose and agar were mixed, and the reaction adjusted to pH 7.4. The calcium and magnesium solutions were then added and the medium was tubed and autoclaved. The slants were cooled in an atmosphere of carbon dioxide until the color of the agar indicated a pH of 7.2 to 7.4.
The purpose of the carbon dioxide was to maintain a hydrogenion concentration which would prevent the precipitation of calcium and magnesium salts, for at this point in the development of the work we considered it important to provide the media with a mixture of ions simulating the inorganic composition of mam- Small batches of media were prepared whose inorganic composition with respect to certain ions was accurately known and their ability to support growth of the gonococcus tested by inoculating slants with viable cultures and examining them for growth at the end of twelve and twenty-four hours. If growth had occurred, a transplant was made from that slant to another of the same composition, in order to obviate the possibility that traces of some constituent essential for growth had been carried over in the inoculum. The results of these experiments are given in the subsequent sections. Final concentrations of inorganic ions are expressed in millimols per liter of agar gel. In their computation, account was taken of those supplied by the digest, those added directly to the medium and those added for purposes of adjustment of reaction.
Sodium chloride Table 2 shows the effect of varying the content of sodium chloride from 892 to 5 millimols per liter. Sodium bicarbonate was present in a concentration of 15 millimols per liter. Other salts were present only to the extent to which they were contributed by the digest of dialyzed egg-white. Growth was good on the media whose concentrations of sodium chloride were 225 and 113 millimols per liter respectively. Outside these limits growth was poor and indeed absent when the concentration was 892 millimols per liter. Na.0.9 0.9 0.9 0.9 0.9 0.9 0.9 0. Hydrogen ion concentration That the pH of the environment in which the organisms were cultivated is important for their continued growth is shown in table 8, A. Here the initial pH varied from 5.0 to 8.4. No growth occurred at a reaction below pH 6.2. Growth was good from 7.2 to 8.0 In these media the buffering was effected solely by 15 millimols of bicarbonate per liter and the amino acids present in the digest. The final pH was 5.4 to 5.6 in all tubes in which growth occurred, irrespective of the initial reaction.
In experiments in which the media were so strongly buffered with phosphate that the final pH was but slightly lower than the initial pH, good growth was obtained from pH 7.0 to 7.5, with sparse growth at 6.5 and 8.0 (table 8, B ). This suggests that the pH limits within which multiplication of the gonococcus occurs corresponds to those of most biological organisms.
Bicarbonate
In experiment I it was noted that the omission of sodium bicarbonate from the medium considerably reduced its growthsupporting property. An experiment illustrating this point is represented by table 9. It will be seen that abundant growth Growth was good between 5.0 and 50.0 millimols of bicarbonate per liter, but above and below those concentrations growth was poor.
It is not believed that the apparent need for bicarbonate ions is due to any special virtue of the ion itself, but rather to its influence in maintaining within normal biological limits the hydrogen ion concentration of the bacterial cell and its environment. Absence of bicarbonate from the surrounding medium must permit diffusion of bicarbonate ions from the cell to the medium. In the event that CO2 production continues at a normal rate, the lowered bicarbonate concentration within the cell would result in a lowered pH. This in itself might account for the failure of media without bicarbonate to support growth. Dale (1913) has demonstrated that the response of the guinea pig uterus to drugs is markedly increased when the osmolar concentration of the surrounding fluid is decreased from 308 to 290 millimols per liter.3 Plant cells, on the other hand, are more resistant to such changes in their environment. Many bacteria resemble vegetable cells in this respect. Thus, for example, B. coli will withstand such extremes as pure water and 9 per cent glycerol Falk, 1923, and Holland, 1919) . According to A. Fischer (1900) other hand, it is much less sensitive to such changes than are animal cells, and resembles the meningococcus, growth of which is reported by Gordon, Hine and Flach (1916) to diminish when the concentration of sodium chloride exceeds 1 per cent (171 millimolar) and to be inhibited at 4 (684 millimolar) per cent. Murray and Ayrton (1924) found that in the absence of added salts growth failed on their media or was at best poor. It is recognized, however, that the sole criterion of sensitiveness in their experiments, as in ours, has been ability to multiply. Had other biological functions been studied, it is possible that greater sensitivity would have been demonstrated. It is of interest that the mean osmolar concentration at which optimum growth occurred in our experiments corresponds approximately to the osmolar concentration of the body fluids of man, the natural host of the gonococcus.
Another point of contrast between the gonococcus and cells of mammalian origin is the fact that the former apparently grew equally well when potassium salts were interchanged for sodium and when the calcium and magnesium salts were practically eliminated. That the organisms did not grow where calcium and magnesium were present in high concentration, however, demonstrates that the composition of the inorganic environment is not without its effect.
The toxic action of bivalent ions to micro6rganisms is well established. That the toxic action of calcium for the gonococcus is due to the calcium ions has been demonstrated in our experiments by the fact that when citrate is added, good growth is obtained in the presence of high calcium concentration. It is well known that citrate combines with calcium ions to form a soluble but slightly ionized calcium citrate.
With respect to the concentration of hydrogen ions, the limits within which multiplication occurred were definite but fairly wide. Although it seems from our experiments that bicarbonate ions are essential to growth, it is believed that the necessity for their presence rests in their providing the medium with a sufficiently high buffering capacity to keep the reaction within the limits necessary for life. The other inorganic anions studied
